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ABSTRACT

Thesynthesisof vinyl sulfides through thecoupling reactionof thiolswith vinyl iodides, bromides, andchlorides is described. The thiols cancouplewith aryl
iodides in the presenceof only 0.5mol%Cu2Owithout the need for an ancillary ligand. In the presenceof 5mol%ofCu2Oand 10mol%1,10-phenanthroline
as the ligand, the more challenging alkyl vinyl bromides can also be coupled with thiols, giving the vinyl sulfides in good to excellent yields.

Vinyl sulfides are important building blocks in organic
synthesis1 and are present in many biologically active
compounds.2Manyapproaches for preparing vinyl sulfides

are known;3 for example, the additionof thiols toalkynes is
one of the methods to construct vinyl sulfides. However,
this method suffers from the issue of regioselectivity,
leading to the formation of undesired regioisomers.4 The
transition-metal-catalyzed cross-coupling of the C�S
bond provides an attractive route to the preparation of
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aryl thioethers5�10 and vinyl sulfides.11�14Much attention
has been devoted to the coupling reaction of thiols with
aryl halides to afford aryl thioethers.5�10 Conversely,
research in the field for the coupling of thiols with vinyl
halides has lagged behind. Cobalt,9 palladium,11 and
copper12�14 have been reported for the coupling reaction
of vinyl halides with thiols in the presence of appropriate
ligands. Copper is the cheapest metal among these metal
sources for vinyl sulfide synthesis.12�14 However, the
combination of at least 5 mol % of copper salts with
suitable ligands is necessary for reacting thiols with vinyl
iodides12 and vinyl bromides.13 It is important to mention
that vinyl bromides are less reactive than vinyl iodides.
Interestingly, the vinyl bromides used for copper-catalyzed
S-vinylation are limited to 1-(2-bromovinyl)benzene
derivatives.12d,13a,15 Despite the intramolecular S-vinyla-
tion of alkyl vinyl bromides catalyzed by copper being
known,14a the intermolecular copper-catalyzed couplingof
thiols with alkyl vinyl bromides is not well-documented.
Therefore, the development of a generalmethod to synthe-
size vinyl sulfides from thiols and vinyl halides is of
particular interest. Here we report that the commercially
availableCu2O is reactive toward the coupling of thiols not
only with vinyl iodides but also with the more challenging
alkyl vinyl bromides under ligand-free conditions. Surpris-
ingly, we discovered that the thiols could react with 1-
(2-bromovinyl)benzene and 1-(2-chlorovinyl)benzene
without any catalyst; an addition�elimination pathway is
suggested for these particular cases.16 Moreover, with 5
mol%ofCu2O and 10mol%of 1,10-phenanthroline12b,17

as the ligand, the more challenging alkyl vinyl bromides
can be coupled with thiols, yielding the vinyl sulfides in
good to excellent yields.
In order to determine the optimized conditions, 1-tert-

butyl-4-(iodomethylene)cyclohexane and cyclohexanethiol

were studied and the results are shown in Table 1. We

first studied different solvents (Table 1, entries 1�6); the

results show that dioxane is the most suitable.10l A screen

of bases (Table 1, entries 7�16) suggested that strong

bases like KOH and KOtBu and weak bases such

as K3PO4 and Cs2CO3 are all suitable for this reaction.

The screening of the effect of the copper source

(Table 1, entries 17�20) revealed that CuI is the best;

however, from a cost point of view, we decided to use

Cu2O as the copper source in combination with KOH as

the base for further studies. Control experiments show that

a low yield was obtained in the absence of the catalyst

(Table 1, entry 21).
As illustrated in Table 2, a variety of vinyl iodides were

coupled smoothly with alkyl thiols (Table 2, entries 1�11)

and aryl thiols which contain electron-donating or -with-

drawing groups (Table 2, entries 12�18), giving the vinyl

sulfides in good to excellent yields. Typically, the stereo-

selectivity was retained in most cases, giving the products

3f�3h and 3s in good yields with good stereoselectivity

(Table 2, entries 5�7 and 18).

Table 1. Optimization ofCu2O-CatalyzedCouplingReaction of
1-tert-Butyl-4-(iodomethylene)cyclohexane with Cyclohexa-
nethiola

entry [Cu] base solvent yield (%)b

1 Cu2O KOH DMSO 26

2 Cu2O KOH DMF 45

3 Cu2O KOH DME 84

4 Cu2O KOH H2O trace

5 Cu2O KOH NMP 71

6 Cu2O KOH dioxane 90

7 Cu2O KOEt dioxane 81

8 Cu2O KOMe dioxane 52

9 Cu2O KOt-Bu dioxane 45

10 Cu2O NaOt-Bu dioxane 97

11 Cu2O NaOH dioxane 77

12 Cu2O K3PO4 dioxane 91

13 Cu2O K2CO3 dioxane 56

14 Cu2O Na2CO3 dioxane trace

15 Cu2O Cs2CO3 dioxane 88

16 Cu2O Et3N dioxane 27

17 CuI KOH dioxane 99

18 CuCl KOH dioxane 87

19 CuBr KOH dioxane 86

20 CuO KOH dioxane 79

21 � KOH dioxane 38

aReaction conditions unless otherwise stated: Cu2O (0.0025 mmol,
0.5 mol %); for CuI, CuCl and CuO (0.005 mmol, 1 mol %), cyclohex-
anethiol (0.5 mmol), 1-tert-butyl-4-(iodomethylene)cyclohexane (0.6
mmol), base (1 mmol), in solvent (0.25 mL). b Isolated yields.
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As mentioned earlier, examples of the coupling reaction
of vinyl bromides and chlorides with thiols in the litera-
tures is limited to 1-(2-bromovinyl)benzene and 1-(2-
chlorovinyl)benzene derivatives.12d,13a However, lower
product yields were observed when 1-(2-bromovinyl)-
benzene and 1-(2-chlorovinyl)benzene were used instead
of vinyl iodides (not shown). To our delight, an excellent
yield was obtained when the solvent system was changed
from dioxane to NMP;15 the product 5a can be obtained
in 99% yield (Table 3, entry 1). Surprisingly, this product
can also be afforded with 90 and 99% isolated yields
through the coupling reaction of 1-dodecanethiol with
1-(2-bromovinyl)benzene or 1-(2-chlorovinyl)benzene in
the absence of any catalyst (Table 3, entries 2 and 4,
respectively)! Thiophenol also worked smoothly with
1-(2-bromovinyl)benzene and 1-(2-chlorovinyl)benzene

to provide 5b with 85 and 94% yields (Table 3, entries 3
and 5, respectively). An addition�elimination pathway is
suggested for these particular cases (Scheme S1, see Sup-
porting Information).16

We next turned our attention to the more challenging
alkyl vinyl bromides and chlorides. The results are shown
in Table 4. Only a trace amount of product was detected
by GC-MS in the presence of 5 mol % of Cu2O (Table 4,
entry 1). To our delight, a 93% isolated yield of 3d can be
obtained in the presence of 5mol%Cu2Oand 10mol%of
1,10-phenanthroline as the ligand. Other ligands such as
DMEDA, TMEDA, xantphos, BINAP, and DPEphos
have been used for the metal-catalyzed cross-coupling
reaction of thiols with aryl halides; however, these ligands
could not give us satisfying results (see Supporting Infor-
mation for details). Based on this promising result for alkyl

Table 2. Cu2O-Catalyzed Coupling Reaction of Vinyl Iodides with Thiolsa

aReaction conditions unless otherwise stated: Cu2O (0.0025mmol, 0.5mol%), vinyl iodide (0.6mmol), thiol (0.5mmol), KOH (1mmol), in dioxane
(0.25 mL) for 12 h; the trans/cis ratios were determined by GC-MS and 1H NMR techniques. b Isolated yield. c 24 h. d 36 h. e Trans/cis= 24:1 (starting
material) to 22:1 (3f). f 9 h,Trans/cis=1:49 (startingmaterial) to 1:7.6 (3g). g 3 h, trans:cis=1:49 (startingmaterial) to 1:5.5 (3h). h 48 h. i 6 h, trans/cis=
1:49 (starting material) to 1:8 (3s).
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vinyl bromides, we then utilized other alkyl vinyl bromides
to couple with thiols; alkyl thiols and thiophenol deriva-
tives are all suitable as coupling partners, giving the
corresponding vinyl sulfides in good to excellent yields in
general. A trace amount of 3pwas detected when nitrogen-
containing thiol was applied (Table 4, entry 5), and 3ewas
isolated in only 27% yield when 2-methylpropane-2-thiol
was used (Table 4, entry 8).Unfortunately, no productwas
detectedwhen alkyl vinyl chloridewas used as the coupling
partner (Table 4, entry 9).
In conclusion, we have demonstrated that commercially

available Cu2O is a suitable catalyst for the coupling

reaction of vinyl iodides with thiols. 1-(2-Bromovinyl)-

benzene and 1-(2-chlorovinyl)benzene could couple smoo-

thly with thiols in the absence of any catalyst. For more

challenging alkyl vinyl bromides, we found that the vinyl

sulfides canbeafforded ingoodyieldsusing5mol%ofCu2O

and 10 mol % of 1,10-phenanthroline as the ligand. This

work is indeed the first intermolecular copper-catalyzed

coupling reaction of alkyl vinyl bromides with thiols. Synth-

esis of bioactive molecules by this method is currently in

progress.
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Table 4. Cu2O-Catalyzed Coupling Reaction of Alkyl Vinyl
Bromides and Chlorides with Thiolsa

aReaction conditions for vinyl bromide: Cu2O (0.025 mmol, 5 mol
%), vinyl bromide (0.6 mmol), thiol (0.5 mmol), KOH (1 mmol), 1,10-
phenanthroline (0.025mmol, 10mol%), in dioxane (0.25mL). b Isolated
yield. c 48 h. dVinyl chloride (0.6 mmol) was used.

Table 3. Cross-Coupling Reaction of 1-(2-Bromovinyl)benzene
and 1-(2-Chlorovinyl)benzene with Thiolsa

aReaction conditions for vinyl bromide: vinyl bromide (0.6 mmol),
thiol (0.5 mmol), KOH (1.0 mmol), in dioxane (0.25 mL); for vinyl
chloride: vinyl chloride (0.6 mmol), thiol (0.5 mmol), KOH (1 mmol), in
NMP (0.5mL). b Isolated yield. cThe ratios were determined byGC-MS
and 1H NMR techniques. dWith Cu2O (0.0025 mmol, 0.5 mol %) as a
catalyst.


